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1.2 Main Types of Solar Energy Application in Air Conditioning,  
 
 
Two types of large commercial solar-driven cooling systems have been 
developed: (1) generating electricity from solar radiation to operate a mechanical 
chiller, and (2) converting sunlight to heat which in turn drives an absorption chiller 
(Gordon et al., 2000). 
 
 
A mechanical chiller involves a vapour compression refrigerator, with a 
solar-powered prime mover. This may be done through converting solar energy into 
electricity via means of photovoltaic devices, and then using the electricity in an 
electric motor to drive the vapour compressor, or by Rankine heat engine. 
 
 
Absorption systems are similar to vapour compression air conditioning 
systems but differ in the pressurization stages. An absorbent on the low-pressure side 
absorbs an evaporating refrigerant. The most usual combinations of fluids include 
lithium bromide-water (LiBr-H2O) and ammonia-water (NH3-H2O) systems where 
water vapour and ammonia are the refrigerants respectively. The pressurization is 
achieved by dissolving the refrigerant in the absorbent in the absorber section. 
Subsequently, the solution is pumped to a high pressure with an ordinary liquid 
pump. The addition of heat in the generator is used to separate the low-boiling 
refrigerant from the solution. In this way the refrigerant vapour is compressed 
without the need of large amounts of mechanical energy that a vapour compression 
air conditioning system demands (Florides et al., 2002).  
 
 
The most widely used solar air conditioning system operates on absorption 
cycle for the time being. One reason is, absorption air conditioning is the only air 
conditioning system compatible with the upper collection temperature limits imposed 
by currently available flat-plate collectors (Kreider et al., 1982). 
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1.3 Other Attempts of Cooling Methods 
 
 
The weaknesses of solar absorption cooling have lead to numerous efforts of 
exploring other cooling cycle possibilities (Refer Chapter 2). 
 
 
All the refrigeration processes can be classified into open and close cycle. 
Experience has shown that closed-cycle systems most suitable for solar cooling, is 
based on absorption cycles (Grossman, 2002). Absorption and adsorption process are 
referred as sorption process as a whole. In these sorption processes, they can still be 
divided into whether the cycle is continuous or intermittent.  
 
 
Adsorption cooling is another class of sorption air conditioners besides 
absorption cooling that utilizes an adsorbent for adsorbing moisture from the air then 
allow air to evaporative cooling. Besides, when simple absorption and adsorption 
refrigerators operate discontinuously rather than in a cycle, this is called intermittent 
operation. An intermittent solar powered system operates on diurnal cycle with one-
generation cycle per day (Bansal et al., 1997). During this operation, the 
thermodynamic processes are far from reversible, and are dependent upon the 
properties of the refrigerant-absorbent combination used and the proportion of 
refrigerant present at the commencement of generation. Most work to date on these 
cycles has been directed at food preservation rather than comfort cooling. These 
cycles may be of interest in air conditioning because they offer potential solutions to 
the energy storage problem (Duffie et al., 1980).  
 
 
In the solid sorption systems, silica gel is taken for utilized commercial 
chiller. In contrast, complex compounds of ammonia are used more often whereas 
zeolites and hydrides play a minor role in the R&D field (Lamp et al., 1998). 
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Another air conditioning system has been given focus is the open-cycle 
desiccant cooling system. It uses a desiccant dehumidifier to convert latent cooling 
load into sensible load and then meet this load using evaporative coolers (Sheridan et 
al., 1985). Its advantage is using low-grade heat such as solar energy can do the 
regeneration of desiccant. Open cycle regenerates the weak absorbent solution by 
losing refrigerant to the atmosphere. Cooling takes place by evaporating refrigerant 
from an external source in the evaporator (Collier, 1979). The system usually can 
operate in one of two modes: ventilation and recirculation (Kreider et al., 1982). 
 
 
 
 
1.4 Environmental Considerations 
 
 
Solar energy is certainly more environmental friendly compared to current 
main conventional energy sources. Most conventional cooling systems are either 
directly or indirectly driven by gas and fuel or dam-generated electricity. It is our 
main environmental concerns today that lead us to replace them with renewable 
energies. In a tropical country such as Malaysia, the rich solar energy throughout the 
year is ready for us to fully utilize. 
 
 
 From the energy supply perspective, air conditioners can be classified into 
thermally and electrically driven coolers. Most researches have focused on the 
former method since the providing work from solar heat seems convenient. The main 
problem arise here is storage. In the mean time, electrically driven coolers are 
relatively lack of attentions.  
 
 
One of the becoming popular ways to produce electricity from sun is 
photovoltaic (PV) technology.  
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For air conditioning applications, an ideal PV system is producing energy, 
which exceeds the load demand when sunlight is intense. The excess energy shall be 
stored to maintain the storage component such as battery in a fully charged state. 
When solar radiation is less or during the nights, the battery can be discharged to 
provide energy to the load. 
  
 
Europe, Japan, United States and Australia have installed large-scale 
residential PV roof subsidised programs (Green, 2004). Our society should have 
preparations regarding popularise renewable energy applications at residential level. 
As shall be illustrated in Chapter 2, PV energy has a great potential in terms of 
performance and costs in the future. Therefore, researchers have to work on 
exploring the future benefit of PV applications such as air conditioning. 
  
 
Besides the power supply of air conditioning requires attentions, the 
refrigerants used in the conventional vapour compression air conditioning (VCAC) 
units have been identified to cause environmental destructions. R134a is one of the 
ecological refrigerants for its replacement. 
 
 
 
 
1.5 Problem Statement 
 
 
Study the potential of applying photovoltaic power, to generate the highly 
efficient commercial VCAC system for residential application in Malaysia. This is 
one of the efforts to overcome the low-efficiency and high-costs problems 
encountered by current solar cooling methods, particularly those operate in 
absorption cycle. The ultimate goal is to enhance energy saving as well as 
environmental friendly engineering design. 
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1.6 Research Objectives 
 
 
The research objectives are: 
¾ To develop a program to simulate a photovoltaic vapour compression air 
conditioning system working with R134a 
¾ To study the system performance and suggest the optimum system sizing 
 
 
 
 
1.7 Scopes 
 
 
The scopes of the study are: 
¾ The air conditioning system is designed for typical residential purpose 
¾ Only vapour compression cooling cycle is investigated 
¾ Consider environmental factor, R134a is used as the cooling refrigerant 
¾ As an attempt for energy saving purpose, variable compressor speed and 
condenser air flow rate is permitted in this study 
¾ Analysis is done based on Malaysian climatic conditions 
¾ Stand-alone photovoltaic (SAPV) powers the major load portion of the air 
conditioning unit, i.e. the compressor energy demand only 
¾ Silicon is the solar cell material type to allow applications of some modelling 
assumptions. 
¾ Modelling of PV system is based on typical SAPV system configurations, 
and generality of component model is allowed 
¾ Long-term economic study is performed on the PV system 
  
